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ABSTRACT 

Swift J1734.5-3027 is a hard X-ray transient discovered by Swift while undergoing an outburst in September 2013. Archival obser¬ 
vations showed that this source underwent a previous episode of enhanced X-ray activity in May-June 2013. In this paper we report 
on the analysis of all X-ray data collected during the outburst in September 2013, the first that could be intensively followed-up 
by several X-ray facilities. Our data-set includes INTEGRAL, Swift, and XMM-Newton observations. From the timing and spectral 
analysis of these observations, we show that a long type-I X-ray burst took place during the source outburst, making Swift J1734.5- 
3027 a new member of the class of bursting neutron star low-mass X-ray binaries. The burst lasted for about 1.9 ks and reached a 
peak flux of (6.0±1.8)xl0“* erg cm“^ s“' in the 0.5-100 keV energy range. The estimated burst fluence in the same energy range is 
(1.10±0.10)xl0“^ erg cm“^. By assuming that a photospheric radius expansion took place during the first ~200 s of the burst and that 
the accreted material was predominantly composed by He, we derived a distance to the source of 7.2±1.5 kpc. 

Key words, x-rays: binaries - X-rays: individuals: Swift J1734.5-3027 


1. Introduction 

Swift J1734.5-3027 is a hard X-ray transien t discovered by 
Swift on 2013 September 1 (iMalesani et al.l l2013h . At dis¬ 
covery, the source spectrum could be reasonably well de¬ 
scribed in the SwiftfBAH energy band (15-150 keV) by ei¬ 
ther a blackbody model with temperature kT =2.5+0.4 keV, 
or a power-law model with photon index r=5. 8+0.7. A flu¬ 
ence of (1.6+0.3)xl0“^ erg cm~ ^ was recorded dur ing the 
initial ~21 s of the BAT trigger ([Kennea et al.l l2013h . These 
spectral characteristics led iKennea et alJ ~ ii2013l) to suggest that 
Swift J1734.5-3027 was a new superbursting X-ray transient. 
The source outburst was also observed with the instruments 
on-board INTEGRAL, provi ding additional inform ation on the 
source broad-band spectrum (iKuulkers et alJlTOOh . An archival 
search into previous Swift observations performed in the direc¬ 
tions of Swift J1734.5-3027 showed that the so urce underwent 
a like ly previous outburst in May-June 2013 (iLa Parola et alJ 
|2013|) . Unfortunately, in that occasion no follow-up observations 
were performed. 

In this paper, we report on all X-ray data collected from 
SwiftJ1734.5-3027 during its outburst in September 2013. 
Beside the data from the INTEGRAL and Swift monitoring, 
we also analyze a Target of Opportunity observation that 
we obtained with XMM-Newton on 2013 September 8. From 
the timing and spectral analysis of these data, we show that 
Swift J1734.5-3027 is a new member of the transient bursting 
neutron star low-mass X-ray binaries (NSLMXBs) and that the 
BAT discovery of the source occurred during a long type-I X-ray 
burst (rather than a superburst as suggested previously). 
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Fig. 1. INTEGRAL IBIS/ISGRI mosaiked image centered around 
the position of Swift J1734.5-3027. We used all available ISGRI 
data mentioned in Table[T]to build the mosaic (20-70 keV). The 
source is detected in this mosaic with a significance of 34cr. 


2. INTEGRAL data 

Swift J1734.5-3027 was detected by INTEGRAL for the first 
time during the observations performed toward the Galactic 
bulge in the satellite revolution 1329, i.e. about half a 
day before the BAT discovery (from 56535.85950 MJD to 
56536.01338 MJD; see Table |T]i. It remained within the FoV 
of the instruments on-board INTEGRAL until satellite revo- 
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Table 1. Log of the INTEGRAL data used in this paper. We report the effective exposure times, detection significance and estimated 
fluxes for ISGRI, JEM-Xl, and JEM-X2 in all revolutions considered for the data analysis. The detection signihcances are reported 
for ISGRI (JEM-X1,2) in the 20-40 keV (3-10 keV) energy band. 


Rev. 

Observing time 

START STOP 

(MJD) (MJD) 

Exposure time 
ISGRI JEM-X* 
(ks) (ks) 

Flux'^ 

ISGRI 
(20-70 keV) 

JEM-X^ 
(3-35 keV) 

1329 

56535.85950 

56536.01338 

8.6 

4.9 

I3.0±2.0 

<12.0 

1330 

56538.69428 

56539.63178 

73.3 

8.0 

I9.7±1.0 

16.1±4.0 

1331 

56541.84263 

56542.66694 

63.2 

3.2 

<20.5 

<3.5 

1332 

56544.85712 

56545.84130 

74.0 

7.7 

<2.7 

<9.8 

1333 

56548.63922 

56548.79324 

10.9 

4.7 

<3.8 

<12.0 

1334 

56552.33453 

56553.07995 

59.3 

7.3 

<3.1 

<12.5 

1335 

56553.63791 

56554.41490 

58.0 

10.8 

<3.0 

<8.7 

1336 

56556.62811 

56559.26417 

71.3 

14.6 

<2.3 

<7.2 

1337 

56559.80640 

56560.39413 

45.4 

10.9 

<2.9 

<8.2 

1339 

56565.59969 

56568.21845 

199.7 

23.9 

8.8±0.4 

7.2±2.0 

1340 

56569.43604 

56571.05972 

105.2 

25.8 

7.6±0.7 

<5.8 

1341 

56572.63094 

56574.06932 

112.8 

24.5 

5.1±0.7 

<5.6 

1343 

56577.59515 

56578.53990 

69.0 

13.6 

9.8±0.9 

<7.6 

1344 

56580.71753 

56582.17201 

109.7 

25.7 

7.5±0.6 

<5.5 

1345 

56586.02326 

56586.58723 

45.5 

7.6 

14.0±1.0 

15.3±3.6 

1346 

56586.73297 

56589.00642 

110.4 

20.1 

8.7±0.7 

10.8±2.2 

1347 

56589.72509 

56590.51950 

63.3 

12.0 

6.6±0.8 

19.0±2.8 

1348 

56592.54664 

56593.31612 

60.8 

5.8 

8.3±1.1 

22.2±5.0 


Notes. We considered a detection reliable in ISGRI and JEM-X only >6cr and >4cr, respectively. The flux in mCrab has been estimated by 
comparing the source count-rate measured from the mosaic to the count-rate from the Crab in the same energy band. The count-rate from the Crab 
has been measured by extracting ISGRI, JEM-Xl, and JEM-X2 mosaics of the public calibration observations performed in satellite revolutions 
1342 (i.e. the calibration observations performed during the outburst of Swift J1734.5-3027). Erom these data we measured a Crab count-rate of 
206.1±0.2 cts s-' in ISGRI (20-70 keV energy band) and 119.4±0.6 cts s^' (134.5±0.7) for JEM-X2 (JEM-Xl) in the 3-35 keV energy band, 
We used JEM-X2 as a reference. Lower significance detections have been considered only to derive upper limits on the source X-ray emission (all 
upper limits are at 3cr c.l.). 


lution 1348 (from 56592.54664 MJD to 56593.31612 MJD), 
when the window of seasonal visibility toward the Galactic 
Center closed. We analyzed all INTEGRAL data by using ver¬ 
sion 10.1 of the Off-line Scientific Analysis sof tware (OSA) 
distributed by the ISDC (ICourvoisier et al.ll2003h . INTEGRAL 
observations are divided into “science windows” (SCWs), i.e. 
pointings with typical d urations of ~2-3 ks. To limit the ISGRI 
calibration uncertainties (iLebrun et al.l2003h . we made use of all 
public SCWs from the Galactic Bulge, Scutum/Sagittarium, and 
Perseus/Norma monitoring programs during which the source 
was located to withi n 12 deg from the center of the IBIS EoV 
dUbertini et al .11200^ . We also included in our dataset the ob¬ 
servations of the Galactic Center and 4U 1728-34 for which our 
group was awarded data rights in revolutions 1329-1348. A sum¬ 
mary of the total exposure-time available in each revolution is 
provide d in Table |T] for IBIS/ISGRI and the two JEM-X tele¬ 
scopes (iLund et al.T 20031) . We extracted the mosaics and spec¬ 
tra in each revolution for the two JEM-X and ISGRI. All JEM- 
X spectra were extracted by using the standard 16-channels re¬ 
sponse matrix, while a customized 37 energy bin response ma¬ 
trix was created for ISGRI in order to optimize the signal-to- 
noise ratio (S/N) in the energy range (20-50keV). Only in rev¬ 
olution 1329, the ISGRI spectrum was extracted with a reduced 
energy binning (8 channels), as the source was relatively faint 
(see Sect. |3]l. JEM-X lightcurves with a time resolution of 2 s 
were extracted from all observations to search for type-I X-ray 
bursts, but none was found. We did not perform other timing 
analyses of the INTEGRAL data as the source was too faint to 
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Fig. 2. The BAT lightcurve corresponding to the on-board trig¬ 
ger at the onset of the outburst from Swift J1734.5-3027 (up¬ 
per panel), together with the lightcurve extracted from the first 
available XRT observation performed after the Swift automatic 
slew in the direction of the source (ID. 00569022000). The time 
bin of both curves is 10 s. The start time (f = 0) is set at 
56536.38458 MJD. 


extract meaningful power spectra. In Eig.[T]we show the ISGRI 
mosaic realized by using all available data. 
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Fig. 3. XRT lightcurve of the entire outburst observed by 
SwiftJ1734.5-3027 (the start time is set at 56536.38458 MJD 
as in Fig.|2]and the bin time is 500 s). The points in cyan repre¬ 
sents the long type-I X-ray burst. The red arrows show the XRT 
observations in which the source was not detected, providing an 
upper limit on the source count-rate. The green bands indicate 
the coverage of the outburst provided by INTEGRAL (data of 
revolution 1329 are not shown, as they were collected before the 
Swift discovery). We also indicated with a blue bar the time of 
the XMM-Newton ToO observation. 

3. Swiff data 

3.1. XRT and BAT 

Swift/XRT observations were carried out from 
56536.38578 MJD to 56763.42292 MJD (see Table H. 
XRT data were collected in both windowed-timing (WT) and 
photon-counting (PC) mode and analyzed by using standard 
procedures within FTOOLS (v6.16). The XRT data were pro¬ 
cessed with the XRTPiPELiNE (v.0.13.1) and the latest calibration 
hies available (20140730). PC source events were extracted in 
annular regions with outer radii ranging between 20 to 30 pixels 
(1 pixel ~ 2.36") depending on source intensity. When required, 
the PC data were corrected for pile-up. We determined the size 
of the point spread function (PSF) core affected by pile-up 
through a comparison betwe en the observed and nominal 
PSF (see IVaughan et al.l l2006l) . This sets the inner radius of 
the extraction region. WT source events were extracted in a 
circular region (20 pix radius), with the exception of observation 
00569022000 during which the data were also affected by 
pileup; in the lat ter case an annular r egion (radii 2 and 20 pix) 
was adopted (see lRomano et al.ll2006h . Background events were 
extracted in a circular regions with a radius of 70 pix for PC 
data and 20 pix for WT data. The xrtlccorr task was then 
used to account pile-up, PSF losses, and vignetting, in the light 
curves. All light curves were background subtracted. For our 
timing analysis we converted the event arrival times to the solar 
system barycentre with barycorr. For our spectral analysis, we 
extracted events in the same regions as those adopted for the 
light-curve creation; ancillary response hies were generated 
with XRTMKARF, to account for different extraction regions, 
vignetting and PSF corrections. The data were rebinned with a 
minimum of 20 count per energy bin to allow htting. We also 
made use of BAT data corresponding to the on-board trigger of 
the source. The BAT lightcurve and spectra were extracted by 
using the batgrbproduct tool available within Heasoet v. 6.16. 

The best determined source position with XRT is found at; 
RA(J2000) = 17''34“24*.18, Dec(J2000) = -30°23'53'.'0 with 
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Fig. 4. The results of the time resolved spectral analysis carried 
out during the hrst part of the outburst decay. All spectra were ht 
with an absorbed blackbody model. We show in the three panels, 
from top to bottom, the blackbody temperature, radius, and the 
X-ray luminosity in units of 10^^ erg s“' for an assumed distance 
of 7.2 kpc (see Sect. EB. The luminosity has been computed 
from the source Hux extrapolated in the 0.5-100 keV energy band 
(i.e., virtually bolometric for a blackbody spectral model with a 
temperature of ~3 keV) and corTected for absorption. The first 
point on the left is obtained from the fit to the BAT spectrum (in 
this case we also extrapolated the source flux in the 0.5-100 keV 
energy band; see Sect. EB. 

an associated uncertainty of 1'.'4 (90% c.l.). This was obtained 
by using the online Swift “User Object” tool^ , which uses 
field stars in the UVOT to determine the spacecraft attitude 
(lEvans et al.ll2009h . 

The BAT lightcurve corresponding to the on-board trigger is 
shown in Fig. |B together with the first XRT follow-up observa¬ 
tion performed after the automatic slew of the spacecraft (first 
orbit of the observation ID. 00569022000). The XRT lightcurve 
covering the entire source outburst is shown in Fig. [3] We no¬ 
tice that the source rose in flux rapidly at the onset of the event 
and then decayed slowly up to 56545 MJD. From 56545 MJD 
to 56571 MJD the source remained in a relatively low flux level 
before raising up again in X-rays on 56572 MJD. During the 
low luminosity interval, an XMM-Newton ToO observation was 
carried out (see Sect. 0. 

We extracted 19 XRT spectra for the first orbit of the XRT 
observation ID. 00569022000 collected in WT mode (total ex¬ 
posure time 1668 s; see Fig. |2]l. The integration time of these 
spectra ranged from a few up to 300 s, depending on the source 
flux during the burst decay (see Fig. 0. All 19 spectra could 
be well fit together by using an absorbed blackbody model 
d.o.f.-I.I0l\%6y). We let the absorption column density 
free to vary in the fit but tied the value of this parameter to be 
the same for all spectra (Ah=(0.84+0.03)x10^^ cm“^). For com¬ 
parison, we tested that a fit with an absorbed power-law model 
gave an unacceptable result (;^f^^^/£/.o./.=1.41/1863). The results 
of this time resolved analysis are summarized in Fig. 0 We 
also show in Fig. 0 the quasi simultaneous spectrum obtained 
from the BAT trigger (exposure time 113 s centered around 
the peak of the event) and the XRT spectrum extracted during 
the first 60 s of the observation ID. 00569022000 (overlapping 
with the last part of the burst decay as detected by BAT; see 

' http://www.swift.ac.uk/user_objects/ 
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Fig. 13. By fitting only the BAT spectrum extracted from the 
f = 0 in Fig. |2] until the beginning of the first XRT observa¬ 
tion (exposure time 170 s), we obtained a blackbody temper¬ 
ature of kT-2.5±Q.2 keV, a radius of RBB=6.7;|;j g tf 7 . 2 kpc km, 
and a flux of (5.1+0.5)xl0“^ erg cm“^ s“' in the 15-50 
keV energy range (corresponding to an extrapolated flux of 
(3.6+0.4)xl0“^ erg cm“^ s“' in the 0.5-100 keV energy range). 
The BAT spectrum extracted during the peak of the event (expo¬ 
sure time 1 sec) gave instead kr^S.O^g®, RBB=6;^g° tfv.akpc km, 
and a 15-50 keV flux of (1.3+0.4)xl0“* erg cm“^ s“'. 
The latter would correspond to an extrapolated flux of 
(6.0+1.8)xl0“^ erg cm“^ s“' in the energy range 0.5-100 keV. 
Based on the spectral analysis and the flux evolution, we suggest 
in Sect.|5]that the event recorded by XRT during the observation 
ID. 00569022000 is a long type-I X-ray burst of a NSLMXB. In 
Table 13 we report the most relevant properties of the burst. 

Table 2. Parameters of the long type-I X-ray burst. 


^peak (SI'S cm 2 S ‘) 

(6.0±1.8)xl0-* 

f" (erg cm^2) 

(1.10±0.10)xl0-^ 

Tl = /b/Fpeak (sec) 

178+^* 

7 = F“„JFpeak 

(8.7 ± 4.2) X 10-3 


“Unabsorbed flux (0.5-100 keV). '’Fluence (0.5-100 keV). “Unabsorbed 
persistent flux = (5.2 ± 0.2) x 10“‘° erg s“‘ (0.5-100 keV), 
as extrapolated from the closest XRT observation after the burst, i.e. 
ID. 00569022001. 

The source X-ray spectra extracted from all the XRT data 
collected after the hrst orbit of the observation ID. 00569022000 
could not be well fit by using an absorbed blackbody model. In 
all these cases, an absorbed power-law model provided a better 
description of the data (see Table|4]l. The power-law spectral in¬ 
dex varied along the outburst from 1.6 to ~3, and there is some 
hint for a decrease of the absorption column density in the direc¬ 
tion of the source from 1.5x10^^ cm“^ to 0.8x10^^ cm“^ during 
the latest available observations. 

We searched all XRT data for possible coherent pulsations 
and/or quasi-periodic oscillations, but no signihcant feature was 
found. We obtained the most stringent upper limit on the detec¬ 
tion of coherent modulations by using the XRT WT data from 
the observation ID. 00569022000. In this case we estimated a 
3cr c.l. upper limit of 5.6% on the pulsed fraction of pulsations 
in frequency range 0.1 -281 Hz (the pulsed fraction is dehned as 
in IVaughan et al.lll994h . 

We used the quasi-simultaneous Swift observation 
ID. 00569022006 and INTEGRAL data collected in revo¬ 
lution 1330 to study the broad band spectrum of the source at 
the later stages of the outburst. We ht together the XRT spectra 
in PC and WT mode, with the ISGRI and JEM-X spectra. 
The best fit could be obtained by using a simple absorbed 
power-law model (see Fig. Normalization constants were 
included in the ht to take into account the inter-calibrations 
of the instruments and the source variability (data were not 
strictly simultaneous; see Tables [1] and |4]l. Taking advantage of 
the other quasi-simultaneous data, we also performed a similar 
broad-band spectral analysis by using: (a) INTEGRAL data from 
revolution 1345 and the Swift observation ID. 00032930017; (b) 
INTEGRAL data from revolution 1346 and the Swift observation 
ID. 00032930019; (c) INTEGRAL data from revolution 1348 
and the Swift observation ID. 00032930021. In all cases a simple 
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Fig. 5. The quasi-simultaneous XRT and BAT spectrum of 
the source at the onset of the outburst. The BAT spec¬ 
trum is integrated for 113 s around the peak of the event, 
while the XRT spectrum is extracted from the hrst 30 s 
of the observation ID. 00569022000 (overlapping with the 
last part of the decaying BAT lightcurve; see Fig. |2]). The 
best ht model is obtained with an absorbed blackbody model 
{x]jd.o.f.^imi233). The ht gave Ah=(0.7+0.1)x 1022 cm-^, 
k7’=2.4+0.1, and Rbb= 7.3+0.5 t/y.akpc km. The residuals from 
the fit are shown in the bottom panel. The estimated 0.5-50 keV 
X-ray flux is 4.5x10“^ erg cm“^ s“* (not corrected for absorp¬ 
tion). 
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Fig. 6. As an example, we show in this hgure the broad¬ 
band spectrum of Swift J1734.5-3027 obtained by using the 
XRT WT (red) and PC (black) spectra from the observation 
ID. 00569022006, together with the ISGRI (cyan) and JEM-X 
(green for JEM-X 1 and blue for JEM-X2) data from revolution 
1330. The best fit is obtained by using a simple absorbed power- 
law model. The residuals from the ht are reported in the bottom 
panel. 


absorbed power-law provided a good ht to the data. All the 
results are reported in Table |3] All these spectra showed that the 
broad-band emission from the source was significantly harder 
during the later stages of the event compared to the peak of the 
outburst observed by BAT (that we interpreted as a long type-I 
X-ray burst; see Sect. |3. To further conhrm these hndings, we 
extracted the ISGRI spectrum of the source from rev. 1329. 
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Table 3. Combined INTEGRAL and 5w!/f broad-band spectral analysis of Swift J1734.5-3027 (see also Sect. 13. ll for details). Cxrtpc> 
CjEM-xi, Cjem-x2, and Cisgri are the normalization constants of the different instruments compared to the XRT spectrum (for which 
the constant was fixed to unity in the fit). 


INTEGRAL rev. 

XRT obs. 

A'h 

(10^2 cm-2) 

r 

CxRTpc 

CjEM-Xl 

CjEM-X2 

Cisgri 

^ 20-50keV 

Xijd.o.f. 

1330 

00569022006 

1.30+0.10 

1.90+0.10 

0.87+0.06 

1.4+0.3 

1.2+0.2 

0.9+0.2 

7.7 

0.87/198 

1345 

00032930017 

0.88+0.06 

2.26+0.08 

— 

1.0+0.3 

1.5+0.3 

1.6+0.4 

6.0 

0.96/250 

1346 

00032930019 

0.94+0.05 

2.34+0.07 

— 

— 

1.1+0.2 

0.9+0.2 

6.9 

0.88/306 

1348 

00032930021 

0.75+0.05 

2.26+0.08 

— 

2.2+0.8 

3.2+0.7 

1.6+0.4 

6.1 

1.0/244 


“The flux is not corrected for absorption and given in units of 10 erg cm ^ s * 


Table 4. Log of all SwiftXKT observations use in this work. For each observation we also report the results of the spectral fit carried 
out by using a simple absorbed power-law model (phabs*pow in XSPEC). 


Sequence 

Obs/Mode 

Start time (UT) 
(MJD) 

End time (UT) 
(MJD) 

Exposure 

(s) 

Vh 

(10^2 cm-'') 

r 

^0.5-lOkev'* 

(10“*° erg cm“^ s“*) 

xL/d-o.f. 

00569022000'’ 

XRT/WT 

56536.38578 

56536.40508 

1668 





00569022000 

XRT/PC 

56536.44215 

56536.58503 

5581 

1.49±0.10 

2.39±0.10 

1.6±0.6 

0.92/21 U 

00569022001 

XRT/WT 

56536.58612 

56536.64248 

395 

1.2±0.2 

2.3+0.3 

1.26±0.09 

1.11/145" 

00569022001 

XRT/PC 

56536.58623 

56536.67200 

3698 

1.5±0.2 

2.4±0.2 

1.14±0.06 

1.11/145" 

00569022002 

XRT/WT 

56537.17595 

56537.37689 

1412 

1.4±0.2 

2.3±0.2 

1.11±0.106 

0.91/186" 

00569022002 

XRT/PC 

56537.17604 

56537.25757 

2565 

1.4±0.2 

2.1±0.2 

1.1±0.1 

0.91/186" 

00569022003“ 

XRT/WT 

56537.64302 

56537.71031 

153 

— 

— 

— 

— 

00569022003 

XRT/PC 

56537.64434 

56537.72605 

3814 

I.24±0.13 

1.93±0.11 

2.00±0.07 

0.97/152 

00569022004“ 

XRT/WT 

56538.11015 

56538.33109 

324 

— 

— 

— 

— 

00569022004 

XRT/PC 

56538.11176 

56538.33635 

3638 

1.01±0.09 

1.62±0.10 

3.00±0.10 

1.05/185 

00569022006 

XRT/WT 

56539.38610 

56539.45124 

159 

1.06±0.29 

1.7±0.3 

3.3+0.3 

0.91/184" 

00569022006 

XRT/PC 

56539.38740 

56539.46243 

2164 

1.36±0.13 

1.88±0.13 

2.81±0.12 

0.91/184" 

00569022007 

XRT/WT 

56540.51553 

56540.59720 

1890 

I.33±0.14 

2.25±0.13 

1.10±0.06 

1.06/162 

00569022008 

XRT/WT 

56541.26421 

56541.27637 

1024 

1.6+0.3 

3.0±0.3 

0.34±0.03 

1.04/40 

00569022009 

XRT/WT 

56542.73167 

56542.74373 

1021 

1 4+4.8 

2 5 -*- 3-3 

0 03+°-^’ 

1.32/5 

00032930001" 

XRT/WT 

56543.66528 

56543.67847 

925 

1.4 

2.5 

-0.01 

— 

00032930002" 

XRT/WT 

56544.60000 

56544.61319 

1068 

1.4 

2.5 

-0.005 

— 

00032930003“ 

XRT/PC 

56545.60069 

56545.61389 

1096 

1.6 

2.5 

<0.005 

— 

00032930004“ 

XRT/PC 

56546.32569 

56546.33889 

973 

1.6 

2.5 

<0.006 

— 

00032930005“ 

XRT/PC 

56549.46944 

56549.88472 

3814 

1.6 

2.5 

<0.002 

— 

00032930006“ 

XRT/PC 

56550.39653 

56550.54861 

3936 

1.6 

2.5 

<0.006 

— 

00032980001 

XRT/PC 

56572.28104 

56572.30564 

1973 

1.6±0.2 

2.3±0.2 

1.68±0.07 

1.14/76 

00032980002 

XRT/PC 

56573.22292 

56573.29167 

1878 

1.5±0.2 

2.4±0.2 

1.00±0.06 

0.82/45 

00032930007 

XRT/WT 

56576.83264 

56576.84583 

947 

1.1±0.2 

2.2±0.2 

1.15±0.08 

1.03/84 

00032930008 

XRT/WT 

56577.63889 

56577.65208 

980 

1.27±0.14 

2.10±0.14 

1.82±0.08 

0.92/127 

00032930009 

XRT/WT 

56578.55903 

56578.57222 

944 

1.6±0.4 

2.4±0.4 

0.89±0.07 

0.85/31 

00032930010 

XRT/WT 

56579.50069 

56579.51458 

1126 

I.26±0.14 

2.06±0.12 

1.87±0.08 

1.05/152 

00032930011 

XRT/WT 

56580.63472 

56580.64931 

1044 

1.2±0.2 

2.2±0.2 

1.02±0.06 

0.89/93 

00032930013 

XRT/WT 

56582.09583 

56582.10833 

913 

1.3±0.2 

2.2±0.2 

1.17±0.07 

0.98/85 

00032930014 

XRT/WT 

56583.43056 

56583.44444 

1064 

1.15±0.11 

2.04±0.11 

2.21±0.07 

0.88/159 

00032930015 

XRT/WT 

56584.56458 

56584.57847 

1025 

0.93±0.09 

2.00±0.10 

2.40±0.07 

1.08/171 

00032930016 

XRT/WT 

56585.97014 

56585.98333 

961 

0.91±0.08 

2.28±0.10 

2.80±0.10 

0.86/176 

00032930017 

XRT/WT 

56586.04097 

56586.05417 

960 

0.88±0.06 

2.27±0.08 

3.23±0.11 

0.98/222 

00032930018 

XRT/WT 

56587.44236 

56587.45556 

526 

0.74±0.07 

2.14±0.11 

'1 0+0.1 

0.99/142 

00032930019 

XRT/WT 

56588.37708 

56588.51667 

1049 

0.94±0.05 

2.36±0.07 

4.63±0.10 

0.89/292 

00032930021 

XRT/WT 

56594.45208 

56594.46458 

946 

0.76±0.05 

2.27±0.08 

3.00±0.08 

1.06/221 

00033239001“ 

XRT/PC 

56763.28194 

56763.42292 

2021 

0.76 

2.27 

<0.004 

— 


Observed flux (i.e., not corrected for absoiption); 

Analyzed separately (see Sect.[^for details); 

*^1 We fit the PC and WT spectrum together, leaving all parameters free to vary but obtaining a singlefrom the fit; 

Statistics was too poor to extract a meaningful spectrum; 

The source was detected but too faint for the XRT WT mode. A rough estimate of the source flux is given from the recorded count rate and assuming the spectral model of the previous 
observation with good statistics. 

The source was not detected and thus we used the spectral model of the preceding observation to derive a 3cr upper limit on the source X-ray flux. 


This is the only INTEGRAL detection of the source before the 
BAT discovery. Although the source was relatively faint in the 
ISGRI energy band during rev. 1329, a sufficiently high S/N 
spectrum could be extracted by using reduced energy binning (8 
channels). A fit to this spectrum gave a power-law photon index 
of 2.3+0.7 and a 20-50 keV flux of 1.5x10“'° erg cm“^ s“*. 


For completeness, we also reported in Fig. |2]the long term 
BAT lightcurve of the source as retrieved from the BAT Transient 
Monitor web-pag43 (iKrimm et al.ll20lll . The lightcurve starts 
on MJD 56352 (i.e. 2013 March 1). The outburst reported in 
this paper and the previous detection of Swift J1734.5-3027 in 


^ http://swift.gsfc.nasa.gov/results/transients/weak/SwiftJ1734.5-3027/ 
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MJD 

Fig. 7. The long term BAT lightcurve of Swift J1734.5-3027 in 
the 15-50 keV energy range. The two outbursts of the source 
in May-June 2013 (red points) and September 2013 (green and 
cyan points) are clearly visible. For the outburst in September, 
we highlighted in green the initial part of the event up to the 
quiescent period around 56545 MJD. The cyan points mark the 
re-brightening of the source after the quiescent period up to 
56614 MJD. Gaps in the BAT lightcurve are due to the source 
proximity to the Sun. 

May-June 20 13 are clearly vi s ible. T he latter detection was also 
discussed by iLa Parola et al.l (l2013h . These authors confirmed 
that the BAT spectral index at that time was consistent with that 
measured by ISGRI before the onset of the bright event recorded 
in September 2013 and during the latest stages of such event (see 
Sect. [1] and 13.11 1. Unfortunately, no pointed XRT observations 
were performed in May-June 2013. 

3.2. UVOT 

We also analyzed all available UVOT data that were collected 
simultaneously with the XRT observations. The analysis of the 
UVOT data was performed using the uvotimsum and uvotsource 
tasks included in the FTOOLS software. The latter task per¬ 
forms aperture photometry on a single source based on user- 
supplied source and background region^ we adopted circular 
regions of 5" and 10" for source and background, respectively. A 
faint source is found within the XRT error circle in the coadded 
UVOT u images (total exposure 5977 s). For this source we ob¬ 
tained a magnitude of m = 19.70 + 0.12 mag. The best estimated 
UVOT position for this object is at RA(J2000) = 17‘'34“24^33, 
Dec(J2000) = -30°23'53'.'2 with an uncertainty of 0'.'43 (90% 
C.I.). This is compatible at 2.4 cr c.l. with the XRT position re¬ 
ported in Sect. l3.1l (assuming th e XRT uncertainty in the position 
follows a Rayleigh distribution: lEvans et alj[2014l) . Only poorly 
constraining upper limits could be obtained on the source magni¬ 
tudes in the other UVOT filters. Due to the lack of any detection 
of changes in magnitude of the UVOT source during the outburst 
and the marginal compatibility between the UVOT and XRT po¬ 
sition, we are currently unable to firmly associate the counterpart 
identified in this section with Swift J1734.5-3027. 

4. XMM-Newton data 

An XMM-Newton (iJansen et al.l 1200 Ih observation of 
Swift J1734.5-3027 was carried out on 2013 September 8 
for a total exposure time of 32.3 ks (from 56543.1404 MJD to 
56543.5293 MJD). The EPIC-pn was operated in timing mode, 
the MOSl in full frame and the MOS2 in small window. We 

^ http://heasarc.nasa.gov/ftools/caldb/help/uvotsource.html 



12 5 10 

Energy (keV) 


Fig. 8. XMM-Newton spectrum of Swift J1734.5-3027 obtained 
by summing up the Epic-pn, MOSl, and MOS2 data. The best 
fit model is obtained by using an absorbed power law plus a 
blackbody. The residuals from the fit are shown in the bottom 
panel. 


reduced these data by using the SAS version 13.5 and the latest 
XMM-Newton calibrations files availabl^B The observation was 
not affected by intervals of high flaring background; we thus 
retained the entire exposure time available for the following 
analysis. As the source was found to be relatively faint (see 
later in this section) and centered on RAWX=37, the EPlC-pn 
lightcurve and spectra were extracted in the energy range 
0.6-12 keV from CCD columns 36 through 38 for the source 
and 3 through 15 for the background. Eor the two MOS cameras 
we used a circular source (background) extraction region with 
a radius of 600 (1800) pixels, corresponding to 30" (90"). The 
average count-rate of the source as recorded by the EPlC-pn was 
(8.3+0.2)xl0“^ cts s“', thus too low to perform any count-rate 
and/or time resolved analysis. To improve the statistics, we 
used the task epicspeccombine to combine all EPIC spectra and 
fit them together (see Pig. A fit to this spectrum with a 
simple absorbed power-law model gave an unacceptable result 
with;^f^gJ/d.o.f.=l.88/111. The addition of a thermal blackbody 
component (bbodyrad in xspec) significantly improved the fit 
measured an absorption column den¬ 
sity of /Vh=(0.57+0.08)x10^^ cm“^, a power-law photon index 
of F=1.2+0.3, a blackbody temperature of kT =0.32+0.03 keV, 
and a radius of RBB=(l■5/^Q■3)x^/7 2 kpc km. The average absorbed 
(unabsorbed) 0.5-10 keV X-ray flux measured from the spectral 
fit is 5.5x10“^^ erg cm“^ s“' (8.9x10“'^ erg cm“^ s“^). This is 
consistent with the approximate measurement of the source flux 
obtained with XRT in the observations ID. 00032930001 and 
00032930002 (see Table]?]). The Ah measured by XMM-Newton 
suggests that the absorption column density in the direction of 
the source might slightly decrease not only during the latest 
stages of the outburst, but also during the low X-ray luminosity 
period (unfortunately during this period we could not obtain a 
reliable Ah measurement with XRT due to the low statistics of 
the data; see Sect.0. 

We searched for possible coherent pulsations and/or quasi- 
periodic oscillations in the XMM-Newton data, but none was 
found (also due to the very limited statistics). Eor coherent mod¬ 
ulations, we estimated an upper limit of 13.5% at 3(T c.l. on the 
pulsed fraction of pulsations in the frequency range 0.1-1500 Hz. 


http://xmm2.esac.esa.int/external/ xmm_sw_cal/calib/index.shtml 
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For completeness, we checked for possible evidence of the 
soft thermal component detected by XMM-Newton in the XRT 
data collected close to 56543 MJD. In the XRT observations 
ID 00032930001-00032930006 the source was not detected. We 
thus considered the observation ID. 00569022007, which was 
performed 2.4 days earlier than the XMM-Newton one and was 
characterized by a reasonably high statistics (see Table |4]l. The 
addition of a blackbody component to the source spectrum in this 
observation did not improve the fit. We thus fixed the tempera¬ 
ture of this component to the one measured by XMM-Newton 
and determined a 90% c.l. upper limit on its normalization. We 
obtained Rbb< 7 km (for an assumed distance of 7.2 kpc). This 
result suggests that the thermal emission revealed by XMM- 
Newton might have gone undetected during the earlier stages of 
the outburst due to the higher flux of the power-law component. 
We comment more on this result in Sect. |5] 


5. Discussion 


In this paper we report on all X-ray data collected during the first 
followed-up outburst of the source Swift J1734.5-3027, which 
also led to its discovery. Shortly after the onset of the outburst, 
the source displayed a long type-I X-ray burst that we discuss in 
detail later in this section. This allows us to firmly classify the 
source as a new member of the bursting NSLMXBs. 

As noticed in Sect. [3j the source showed a remarkable de¬ 
cay in flux after the onset of the outburst up to 56539 MJD. At 
this epoch, the decay of the flux steepened dramatically and the 
source faded below the XRT detection limit on ~56543 MJD 
(see Fig. B- Such outburst profile is, in several respects, qualita¬ 
tively similar to those observed from transient NSLMXBs. The 
outbursts of these systems typically last for a few weeks and 
are characterized by an initial exponential decay. At the later 
stages, a break is sometimes observed in the flux decay and 
a knee in the lightcurve marks the transition to a faster linear 
decaying phase th at lasts until the source fades back into qui- 
escencjj (see e.g., iGilfanov et al.l ) ~998|: Gierliriski & Zdziarskil 


l2005t ll^langa et ah l2005bllaL 2Qll . l2012h . These outburst nro- 
flles are usua lly interpreted i n term s of the disk instability model 
proposed by iKing & Ritted (Il998l) . These authors showed that 
the X-ray heating during the decay from an outburst causes the 
light curves of a transient LMXBs to exhibit an exponential de¬ 
cay if the X-ray luminosity is sufficiently high to maintain the 
outer disk radius hot, or a linear decay at lower luminosities. 
This model was suc cessfully applied to a number of obseryed 
LMXB outbursts by iPowell et alJ (l2007h . who also showed that 
the luminosity at which the knee occurs in the lightcurye and 
the exponential timescale of the outburst decay can be used to 
estimate the source outer disk radius. Indeed, it is belieyed that 
the matter supply to the NS is effectiyely cut-off after the knee, 
when the irradiation of the outer disk radius diminishes and the 
disk enters a cool low-yiscosity state. 

The peculiarity of the Swift J1734.5-3027 outburst profile is 
the presence of an apparently quiescent period extending from 
56545.6 MJD to at least 56550.5 MJD that preceded a new re¬ 
brightening. During the quiescent period the source remained in 
a flux leyel that was too low to be detectable within the short 
XRT exposures (see Table |4li. Stacking together the XRT ob- 
seryations ID. 00032930003, 00032930004, 00032930005, and 
00032930006 a 3cr upper limit on the source count rate of 0.0049 


^ In some cases, a linear decay in flux is observed directly after a 
stage in w hich the flux of the source is relatively sta ble for several weeks 
(see, e.g.. lHeinke et alfcOlSl i lCamnana et alJ2013l) . 


cts s“* is obtained, corresponding to an X-ray luminosity of 
1.6x10^^ erg s“' (at 7.2 kpc, see below). As LMXBs in quies¬ 
cence might have a luminosity as low as <10^^ erg s“', it is not 
possible to determine if Swift J1734.5-3027 really faded back 
into quiescence during this period or underwent an episode of 
very low mass accretion rate. Surprisingly, the source resumed 
its X-ray active state around 56572 MJD. There was no coverage 
available with XRT for the period 56550-56572 MJD, but the 
INTEGRAL data show that the high intensity state of the source 
did not resume before 56565 MJD. The apparent low activity 
period in X-rays thus lasted about 15 days. At the beginning of 
the re-brightening phase the source recovered roughly the same 
X-ray luminosity displayed immediately after the long type-I X- 
ray burst, and its broad-band X-ray spectrum was found to be 
fully compatible with that observed during most of the previous 
outburst. The mechanism that triggered this second episode of 
enhanced accretion is difficult to investigate due to the paucity 
of the data and the lack of coverage during the rise and the decay 
from this renewed activity. The last available XRT observation 
of Swift J1734.5-3027 was carried out on 56763 MJD, i.e. about 
169 days after the last detection of the source in the X-ray active 
phase, and thus we do not know precisely how long the second 
rebrightening phase lasted in time. 

We note that a similar “double” outburst as described above 
was observed from the accreting millisecond X-ray pulsar 
(AMXP) IGRJ00291-H5934, which underwent two ~10 days 
long outb ursts in 2008 separa ted by a quiescent period of 
~30 days (iHartman et al.ll20Tlh . In this case, the first outburst 
followed the usual profile displaying a knee during the decay at 
a certain luminosity, while the second was characterized by a 
significantly slower ri se and decay times. D ue to the presence 
of the second outburst. IHartman et al.l (1201 ih questioned the ap¬ 
plicability of the irradiated disk model to IGRJ00291-1-5934. 
The main issue with this interpretation is that it predicts the 
disk around the NS to be heavily emptied after the first out¬ 
burst and unable to power a second event without invoking an 
unlikely large variation in the mass flow rate from the compan¬ 
ion star. The authors suggested that the knee during the decay 
of the first outburst could have been due to the onset of a pro¬ 
peller stage, during which accretion is (at least) partly inhib- 
ited due to the rapidly rot a ting NS magnetospher e (see, e.g, 
[Illarionov & SunvaevI Il975t [Romanova et al.l l2014l and refer¬ 
ences therein). The inhibition of accretion would leave enough 
material in the disk after the first outburst to fuel a second event 
within a few days. As the condition for the onset of a propeller 
effect depends strongly on the NS magnetic field strength and 
rotational period, it is difficult to test this scenario in the case 
of Swift J1734.5-3027, for which neither the spin period nor 
its derivative are known (the NS magnetic field can be inferred 
fro m measurements of the spin period variations over time; see, 
e.g. lPanitto et al.ll2007l and references therein). Furthermore, it 
is worth noticing that, despite our understanding of the pro¬ 
peller regime is still far from be complete, this effect is of¬ 
ten i nvolved to interpret more abrupt drops in luminosity (see, 
e.g., iFerrigno et al.ll20l'4l for the recent case of the AMXP IGR 
J18245-2452). 

The XMM-Newton spectrum of the source extracted during 
the faster portion of the first outburst decay (around 56543 MJD) 
could not be well described by a simple absorbed power-all 
model, at odds with all previously collected XRT spectra. The 
XMM-Newton data revealed the presence of a predominant ther¬ 
mal component, which properties are compatible with those ex¬ 
pected for an emitting hot spot on the NS surface (see Sect.|4]i. 
As discussed in Sect. |4l we could not firmly rule out the pres- 
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ence of this thermal component in the XRT data; if present, the 
thermal emission could have been likely hidden by the domi¬ 
nant comptonization component (i.e. the power-law due to the 
accretion). We thus conclude that during the latest stages of the 
first outburst, accretion was strongly suppressed and the emis¬ 
sion from the NS surface emerged at the soft X-rays (<2 keV). 
We are, however, currently unable to discriminate between a sup¬ 
pression of the accretion due to the disk turning into the low vis¬ 
cosity state or the onset of a mild propeller phase. 

It is interesting to no te that, at odds with a number of pre¬ 
viously studied systems dKuulkers et al.l 1200^ . the long type- 
I burst burst recorded by Swift J1734.5-3027 is unlikely to be 
the event triggering the overall outburst of the source. The 
INTEGRAL observations carried out in rev. 1329 already de¬ 
tected an enhanced X-ray activity from the source a few days be¬ 
fore the onset of the long type-I burst. This indicates that the NS 
was already accreting a substantial amount of matter at the time. 
We thus conclude that the outburst developed as a consequence 
of the disk instability, and it was the latter that paved the way 
for the long type-I X-ray burst rather than the other way around. 
As bursts from Swift J1734.5-3027 were never detected before 
of the outburst in September 2013, it is unlikely that the source 
undergoes thermonuclear runaways during its quiescent state, 
as observed from t he so-called “burst-only sources” (see, e.g., 
ICocchi et al.ll200ll) . This would be expected according to the 
known stability of hydrogen burning via the p p-process or pyc- 
nonuc lear reactions at low X-ray luminosities (iFushiki & Lamb! 
Il987h . Assuming a quiescent luminosity for Swift J1734.5-3027 
of ~10^^ ergs '(as estimated from the XRT observations and 
assuming a distance of ~7.2 kpc; see Sect. 15.1.^ . it would take 
~200 years to the source to accumulate the necessary fuel on the 
neutron star surface to emit a burst with a characteristic energy 
release of ~6.7xl0""’ erg (see Sect. I5.1.21 i. Therefore, it seems 
that Swift J1734.5-3027 gives rise to thermonuclear explosions 
only when it is accreting at luminosities >10^^-10^® erg s^'and is 
thus a new member of the faint transient NSLMXBs exhibiting 
pure helium runaways when in outburst. 

5.1. The long type-I X-ray burst 

From the time resolved spectroscopy and flux evolution of the 
Swift data collected on 2013 September 1, we argued that the 
event triggering the BAT on that day was due to a long type- 
I X-ray burst from Swift J1734.5-3027. The time and spectral 
properties of the event are strikingly similar to those of the long 
burst from the NS LMXB XTEJ HO 1- 407 that triggered the BAT 
on 2008 July 17 (iFalanga et al.ll200'^ . We discuss the physical 
properties of the long burst from Swift J1734.5-3027 in the next 
three sub-sections and use our observational findings to derive 
constraints on the distance to the source and the details of the 
accretion process. 

5.1.1. light curve and spectra 

Our analysis of the XRT and BAT data presented in this pa¬ 
per revealed a long type-I X-ray burst from Swift J1734.5-3027. 
This is the first discovered burst from the source. In Fig. |4] 
we showed the BAT (upper panel) and XRT (lower panel) light 
curve of the long type-I X-ray burst. We set the burst start time 
at 56536.38458 MJD, i.e. the time at which the BAT X-ray in¬ 
tensity of the source increased by 10% compared to its per¬ 
sistent intensity level. The XRT started observing the source 
about 170 s after the beginning of the burst detected by BAT. 


The BAT light curve exhibits a slow rise tim^l of ^ 50 s. The 
XRT decay time from the burst is best-fit by using two expo¬ 
nential functions with e-folding times ofri = 110 + 8s and 
T 2 = 1019 + 85 s, respectively. A single exponential function 
could not provide an acceptable fit to the data. We note that 
the value t\ = /b/Fpeak = 178^*2 s reported in Table |2] is 
roughly consistent with the e-folding time estimated from the 
fit to the burst profile. Similar long type-I X-ray bursts were 
so far recorded from the sources 2S 0918-549, SLX 1737-282, 
and XTEJ1701-407 (lin’tZand et al.l120051: IFalanga et al.l 120081: 
iLinares et al.ll200^ IFalanga et al.ll2009ll . To compare the burst 
from Swift J1734.5-3027 with these pre vious results and with 
the de cay cooling model proposed by ICumming & MacbethI 
(Hool, we fitted the burst flux decay profile in Fig. |4] with a 
power-law, and found an index of F = -1.77 + 0.02 with a 
xl^Jd.o.f. = 1.5/17. This is comparable to the results found 
in the other cases. The total duration of the burst, i.e. the time 
to evolve away from and return to the persistent state, was of 
Si 200 s and s: 30 minutes in the BAT (15-25 keV) and the XRT 
(0.3-10 keV) lightcurves, respectively. 

It is well known that X-ray bursts are produced by un¬ 
stable burning of matter accreted on the surface of NSs and 
the X-ray emission released in this process can be described 
well as blackbody radiation with temperatures of a few keV. 
The energy-dependent decay time of the burst is regulated by 
the cooling of the NS photosphere, which r esults in a gradual 
softening of the burst spectr um (see, e.g.. iLewin et al.l [l993t 
IStrohmaver & Bildstenll20()^ . The time-resolved spectral anal¬ 
ysis of the burst recorded from Swift J1734.5-3027 was carried 
out by using BAT and XRT data in the 15-25 keV and 0.3- 
10 keV bands, respectively. Burst spectra could be described 
well by a simple photoelectrically-absorbed blackbody model 
(we measured Ah= 0.84x10^^ cm“^; see Table |2]i. The inferred 
blackbody temperature, apparent radius at 7.2 kpc (see below), 
and bolometric luminosity are reported in Fig. |4] and in Table |2 
The burst fluence has been calculated from the bolometric fluxes 
(these correspond to the observed 0.3-10 keV XRT fluxes ex¬ 
trapolated to the 0.5-100 keV energy range). The peak flux of 
the burst was derived from the BAT spectrum extrapolated to the 
0.5-100 keV energy range. All measured fluxes during the burst 
were extrapolated to the 0.5-100 keV band by generating dummy 
responses (XSPEC vl2.8.2). This is justifiable for the XRT data 
since the blackbody temperature is well inside the spectral en¬ 
ergy coverage. During the main peak of the burst, the blackbody 
temperat ure reaches a maxim um in the energy range 2-3 keV 
(see e.g., IFalanga et al.ll200^ and references therein), and thus 
the bolometric flux of the blackbody emission from the source is 
outside the BAT bandpass. However, as we detail below, this in¬ 
troduces uncertainties that are well within the estimated error on 
the bolometric flux measurements reported in Table |2l The best- 
fit blackbody temperature measured from the BAT spectrum ex¬ 
tracted during the peak of the burst was kT - 3.0/',° keV. We 
fixed an upper and lower boundary blackbody temperature of 
2.7 and 3.5 keV, respectively, the normalization remaining as a 
free parameter. The lower boundary for the temperature is cho¬ 
sen to be higher than the temperature measured during the XRT 
data collected close to the peak of the burst (see Fig. |4|i. For 
the upper boundary, we assumed that kT~3.5 keV is a reason¬ 
ably high value for the black-body temperature at the peak of 
the event based on previous observations of long bursts from 


® The rise time is defined as the time spent between the start of the 
hurst and the point at which the 90% of the peak hurst intensity is 
reached. 
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LMX Bs (see, e.g.. iMolkoy et alJ l2005t IChenevez et alJ l2006i 
120071: iFalanga et al.l 120081 l2009t) . In the two cases, we found 
extrapolated fluxes of 4.4x10'^ erg s^'and 7.0x10“* erg 
cm“^ s '. These are well within the boundary of the peak flux 
uncertainties reported in Table |2] Note that a similar procedure 
was applied to extr apolate the peak flux of the burst in the case 
of XTEJ1701-407 (iFalanga et al.ll2009h . 


1.8 X 10^ g cm“^ s“', which corresponds to the local accretion 
rate of a NS of mass M - \ A Mq and radius R - 11.2 km that 
has a luminosity equa l to the Eddington value 3.8 x 10** erg s ' 
(iKuulkers et al.ll2()0^ . We thus conclude that m/mEdd ~ 1%. 

5.1.3. The energy, ignition depth, and recurrence time of the 
burst 


5.1.2. Source distance, persistent flux, and accretion rate 

In photospheric-radius expansion (PRE) bursts, the source dis¬ 
tance can be determined based on the assumption that the 
bolometric peak luminosity is saturated at the Edd ington limit 
(LEddi e.g.. lLewin et aLlllQ^ iKuulkers et al.ll2003h . During the 
PRE episode, the bolometric luminosity remains virtually con¬ 
stant at the Eddington value, while the high energy flux dis¬ 
plays a ty pical double-peak pro f ile and/or a delay in the rise 
time (e.g., Kuulkers et al.l l2002t iGalloway & Gumming! 12005 
lEalanga et al.ll2007 . 2008). 

In the case of Swift J1734.5-3027, the BAT lightcurye shows 
a slow rise time of » 50 s, which is typically obse ryed at the hard 
X-rays long type-I helium bursts with PRE (e.g. , IKuulkers et al.l 
l2002t iMolkov et al.l 120051: IFalanga et al.l 1 20081) . Howeyer, the 
XRT obseryation started about 170 seconds after the peak of 
the eyent, and thus we cannot firmly assess if this burst under¬ 
went a PRE. The time-resolyed spectral analysis of the BAT 
data could not proyide sufficient indications to solye this is¬ 
sue due to the limited statistics (see Eig. From the com¬ 
parison between the burst from Swift J1734.5-3027 with other 
PRE bursts exhibiting a similar slow rise time at high energies, 
we assume in the following that Swift J1734.5-3027 underwent 
a PRE during the first ss 200 s of the eyent. This should cor¬ 
respond to the timescale that is needed by the p hotosphere to 
fall b ack onto the NS surface (see discussion in lEalanga et alJ 
I 2 OO 9 I) . Under these assumptions and considering a bolometric 
peak luminosity equal to the Eddington yalue for a He type- 
I X-ray burst (LEdri ~ 3.8 x 10** ergs“', as empirically de- 
riyed by IKuulkers et al.ll2003l) . we obtain a source distance for 
Swift J1734.5-3027 of li = 7.2 + 1.5 kpc. We note that the source 
would be closer if the peak luminosity of the burst were lower 
than the pure-helium Eddington limit, or if a solar composition 
(Xo = 0.7) is assumed for the accreted material (in this case the 
source distance would be 6 kpc). In the following, we consider 
d 7.2 kpc as a fiducial distance. 

In the case of Swift J1734.5-3027, an estimate of the persis¬ 
tent emission immediately before the onset of the long type-I 
burst was not ayailable (see Sect.O. We thus assume as the pre¬ 
burst persistent emission, the flux measured in the closest XRT 
obseryation (i.e. the PC data in obseryation ID. 00569022000). 
In these data, the X-ray emission from Swift J1734.5-3027 was 
found to be well described by a simple power-law model with 
F 2.4. Assuming a distance of 7.2 kpc, the estimated long 
type-I burst persistent unabsorbed flux in the energy range 0.5- 
100 keV is thus Epers ~ 5.2 x 10“'" erg cm“* s“', translating 
into a bolometric luminosity of Lpe,s ~ 3.3 x 10*" erg cm“* s“', 
i.e. 1.0%LEdd- We can estimate the local accretion rate per unit 
area as Lpers = 5AnR?-m{GMjR)j{\ + z), or 


m ~ 2 X 10 g cm 
R 


s“' 


\ 11.2 km/ 


M 


1.4 Mr 


1 +z 


7.2 kpc/ \1.26 


( 1 ) 


A conyenient unit of accretion rate is the Eddington rate. Here, 
we define the local Eddington accretion rate to be mEdd = 


The released energy measured during the long-burst allows us 
to estimate the ignition depth and deriye predictions on the 
burst recurrence time. The measured fluence of the burst, fh - 
1.1 X 10“* erg cm“*, corresponds to a net burst energy release 
of Eburst = - 6.7 X 10^" ergs {djl.2 kpc)*. The igni¬ 

tion depth is related to the energy release during the burst by the 
equation Ebui-st = 47rR*yign2„uc/(l + z), and thus 

The yalue of Q^uc ~ 1-6 MeV/nucleon corresponds to the 
nuclear-energy release per nucleon for complete burning of he¬ 
lium to iron group elements. Including hydrogen with a mass- 
weighted mean mass frac tion (X) proyides a y alue of Qnuc ~ 
1.6-1- 4(X) MeV/nucleon (iGallowav et al.ll2004l). where we in¬ 
cluded losses due to neutrino emission following lEuiimoto et al.l 
(Il987l) . For (X) = 0.7, the solar composition yalue, 2„uc = 4.4 
MeV/nucleon, and yign = 1.2 x lO" g cm“*. At an accretion rate 
of 2 X10* g cm“* s“', the recurrence time corresponding to a col¬ 
umn depth of jign = 3.4 X 10 " g cm“* (pure helium composition) 
is At = (yign/»j)(l + z) ~ 24 days, or foreign = 1.2 x lO" g cm“* 
(solar composition) is Af ~ 9 days (independent from the as¬ 
sumed distance). 

The long type-I burst, which was the first obseryed burst 
from Swift J1734.5-3027, occurred about half a day after the first 
INTEGRAL detection of the source in rey. 1329 (starting from 
56535.85950MJD). The outburst of the source was closely mon¬ 
itored only for the first 15 days, when the source first faded into a 
low luminosity state (see Sect.|3]and Fig.|2l. The re-brightening 
of the source was obseryed starting from 56565.5999 MJD, thus 
leaying a gap in the outburst coyerage of about 15 days during 
which we do not haye information on the X-ray emission from 
the source. The last useful XRT obseryation of the source during 
the re-brightening was carried out up to 56594.46458 MJD, i.e. 
about 58 days from the detected long type-I burst. According to 
our estimates aboye, the case Qnuc ~ 1.6 MeV/nucleon would 
be slightly fayoured by the data (as we did not obserye a second 
type-I X-ray burst), but the coyerage of the outburst was far too 
sparse and limited in time to draw any firm conclusion. 
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